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1. What is 2DES near vicinal silicon surface? History.

2. Energy spectrum. Superlattice. Density of states. Fermi surface.
Topological transitions. Properties in quantized magnetic fields.

3. Anomalous state in QHE regime.

4. Linear longitudinal magnetoresistance. Spin susceptibility anomalies at

topological transitions.

5. Conclusion. Electron-electron interaction and strong intervalley mixture
induced by superlattice — the reasons of the observed anomalies.

Questions to theory.




2D electron system near vicinal Si surface
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History

1977 - Discovery of superlattice effects in 2DEG in vicinal Si-MOSFET
T.Cole, A.Lakhani, and P.J.Stiles, PRL, v.40, 744

1978 — The energy spectrum was constructed by Sham et al, PRL, v.40, 472
and Volkov and Sandomirskii, JETP Lett, v.27, 651

1981 — Superlattice effects were observed in 2DHS on vicinal surface near
(111) silicon surface. So the superllatice is the universal property of

silicon vicinal surface independently of the initial energy spectrum of
2DES.

Kvon et al, JETP Lett, v.
1993-2002 - All attempts to find superlattice effects in AlGaAs/GaAs, grown
on vicinal GaAs surface. have failed

The origin of superlattice potential

Most probably it is a periodical system of steps by a height a/2 and
terraces of the length L = a/2tg0
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Energy spectrum. Fermi surface. Density of states |
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vicinal system®. (b-e) Isoenergy profiles at different positions

of the Fermi level Ep marked by horizontal dotted lines in

(a).
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Samples

Si-MOSFET fabricated by means of conventional silicon
technology on the wafers with the surface tilted by the angle 9.5° to
(100) surface around the direction [0Q1]

jm
I

ik
5

AT
)

pRR Y

o a/ti!\kc =16 - ZOA

| .
ST s 6=10°-5°

[
No
)
5
S




0.36

0.44

-~

2
g

—’

. 0.2

©

0.01

-

26 28 30 32 36 37 38 39

5.0
N_ (10" cm’

55

2

)

6.0

6.5

(mS)




B, (T)

N, (10" cm )

15 20 25 30 35 40
0.4 f\ (2)
0.2
0.0\

0.4 (b)
0.2 l
B
o0l <y B
3 4 5 6 g 9




1-B=0T
2-B=5.87T

3-B=8T

N, (10" cm”)

1-B=0T
2-B=69T

Fig. 4




B (T)

B (T)

Anomalous

Sstate .

Ay = Agl2

(8 :0

Ay << Ag

0.16

0.12

T (mK)

T.-IB (mK-IB)




2)e)s pazI|000T] .

9]e)s pazi|0o0je(] 7////%
= = =
N
b2 "5 / =S
/
\
U]
o=Ts b= (3)a N.u\ By = v/ (3)a <
k,‘.,.q,.mﬁxwhmi m-
25105%

S mwvngld]&ho.wL * e




Linear Magnetoconductance and Spin Susceptibility

Gold-Dolgopolov screening model. MC originates from the change
in the screening of scattering potential caused by the difference Fermi
momenta for the two spin-split subbands
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Conclusion

. The anomalous state of 2DES near vicinal Si surface in QHE
regime has been observed. It is characterized by unusual
behavior of the conductivities o,x and oy, which can be
described as collapse of the Zeeman splitting accompanied by
large peak in oy, and anomalous peak in Hall conductivity o,y
dependences on magnetic field and electron density.

. An unusual, linear MC was observed in 2DES on vicinal Si
surface. It 1s well described by recent screening model of Gold-
Dolgopolov. Spin susceptibility determined from the slope of
linear dependence agrees well with previous results for (100) at
N, < NA’. The strong anomalies of this susceptibility were
detected at the points of topological transitions.

. We suggest that the anomalies we observed are due to electron-
electron interaction and strong intervalley mixture induced by
superlattice potential,

Questions to theory

. Whether the spin-collapsed state in QHE regime is unknown
trivial fact or the signature of nontrivial state induced by
electron-electron interaction and strong intervalley mixture?

. How should spin susceptibility behave at topological transitions
. in Fermi system with strong intervalley mixture.




